Small amounts of formic acid can be detected in the steam-volatile fatty acids of rumen liquor, but the work of Annison (1954) shows that the formate in the peripheral circulation of ruminants is probably not derived from this source. Blood concentrations of formate, unlike those of acetate, do not rise during feeding, and fall but slightly during a 48 h fast. In this regard Annison & Pennington (1954) (1961) showed that the rate of disappearance of formate was constant, was unaffected by formate concentration and was associated with an increase in the concentration of CH, and a decrease in the concentration of CO, in the gas phase of the rumen. Such changes, however, do not permit establishment of the relative amounts of CH, and CO, produced, because CO, diffuses from the rumen more rapidly than does CH,.
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basal diets supplied about 2000 kcal metabolizable energy, so that formic acid could be given to supply about 5 yo of the total metabolizable energy.
Animals and diets.
Five castrated male sheep were used. Four of these sheep (C, R, B and F) had permanent rumen fistulas and one, sheep E, was intact. They were given diets of dried grass containing from 13.4 to 18.8% crude protein on a dry-matter basis.
Five experiments, two with sheep B and one with each of sheep C, R, and B, were made in which formic acid was given by ruminal infusion and the respiratory exchange was measured. In the experiments with sheep C, R and B, after an initial period of 1-2 weeks during which metabolism was measured, increasing amounts of formic acid were infused over a period of 3-5 days until 1-5 moles/day were being infused at constant rates. The total period of infusion lasted 12-17 days, and metabolism was measured continuously during that time. Formic acid infusion was then stopped and measurements continued for 9-14 days. With sheep B, after an initial period of 7 days, formic acid was infused at a rate of 1-0 molelday for 12 days. The infusion was then stopped for 16 days, measurements being made on the last 9 days. The infusion of formic acid at the rate of 1.0 mole/day was then repeated and continued for 1 1 days, measurements being made on the last 8 days. The total volume infused was 4 l./day.
Three experiments similar to those above were made with sheep C, B and E kept in respiration chambers in which 0.5 mole sodium formate in 2.0 1. sterile water was infused intravenously through an indwelling catheter.
Two experiments were made in which sheep B and F with rumen fistulas were given constant food for 6 weeks. In the first 2 and last 2 weeks 4 1. saline were infused into the rumen each day. In the 3rd and 4th weeks 1.5 moles formic acid and 4 1. water were infused each day. Faeces were collected over the last 8 days of each 2-week period.
In four short-term experiments with two sheep (B and F) with rumen fistulas, 0-75-2.0 moles sodium formate were given by rapid (30-40min) infusion into the rumen. The gaseous exchange was measured at 2 h intervals after the infusion began and continued for 8 h. Four control experiments were made with these sheep in which no formate was given.
Analytical and calorimetric methods. 
R E S U L T S
Effect of infusion of formic acid or of sodium formate on the apparent digestibility of the basal diet. Table I summarizes determinations of the apparent digestibility of the diet before, during and after formic acid infusions. None of the infusions resulted in any significant depression of the digestibility of the energy of the basal diet. The apparent digestibility of the N of the diet was also not significantly affected. * Between-experiment standard error; others are within-experiment standard errors. t This value was not used in the analysis because it was thought that the sheep was not fully accustomed to the respiration apparatus during the initial period.
which was 5.1 1. CHJmole formic acid, was highly significant statistically. Sheep C and R produced 6-2 and 6.1 1. CH,/mole, but sheep B produced about 4 0 1. CH,/mole formic acid in each experiment. When the result of all the experiments in which formic acid was infused into the rumen were calculated as CH, production per mole formic acid given, CH, production was found to have increased by 4-9+0-52 l./mole formic acid.
When sodium formate was given by intravenous infusion, no significant change occurred in CH, production ( Table 2) . This is evident in Fig. 2 which shows the observations made with sheep B. CO, production and 0, consumption. 
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day. An increase in CO, production occurred with both sheep. With sheep B, 0, consumption rose during the experimental period and remained elevated during the final period. With sheep R a slight increase occurred throughout the experiment. Fig. 2 shows the effect of intravenous infusion of 0-5 mole formate/day on the gaseous exchange of sheep B. No effect on 0, consumption or on CO, production was discerned. The responses to infusion in all the experiments were computed as the difference between the mean values during the last 4-5 days of infusion and the mean values obtained in the last 4-5 days of the two control periods, and these values are given in Table 3 .
3 34",k , 
Steam-volatile acids in blood and urine.
No increase in the concentration of steamvolatile acids in peripheral blood was noted in any experiment in which formic acid was infused into the rumen. No increases in the amount of steam-volatile acids in urine were detected in these experiments.
When sheep B was given 0.5 mole sodium formate/day by intravenous infusion, the total steam-volatile acids in the urine increased from 37 to 95 m-equiv./day, and when sheep C was given the same amount of formate the excretion of steam-volatile acids rose from 44 to 55 m-equiv./day. Determinations were not made with sheep E.
From its behaviour on chromatography, the additional steam-volatile acid was probably formic acid but an absolute identification was not made.
Short-term experiments. When sodium formate was rapidly infused into the rumen of sheep, immediate increases in CH, production occurred. With the exception of sheep F given 2-0 moles sodium formate, by 4-6 h CH, production had fallen to that noted in control periods. The results given in Table 4 show the increases in CH, production that occurred during 8 h. According to Carroll & Hungate (1955) bacterial dissimilation of formic acid results in the formation of 5.6 1. CH, and 16.8 1.
CO,/mole formic acid with no consumption of oxygen. The results in Table 4 show that CH, production was 90, 73, 75 and 59% of the theoretical when 0.75, 1.0, 1-5 and 2-0 moles sodium formate were infused. In contrast to the results of the longterm infusions, in only one instance was CO, production elevated during the 8 h of infusion. In this sheep the increase was small, however, and the CO, production over the whole 24 h was depressed. 0, consumption was depressed in each experiment. These results suggest that rapid infusion of formate depressed the total metabolism of the sheep, probably owing to an effect on the rumen flora rather than on the animal itself. Table 3 
so that 4H2 + C 0 2 +-CH4 + 2H20,
Reaction 2 was shown to be considerably faster than reaction I, which largely accounts for the fact that free hydrogen is very rarely detected in the rumen. It would be expected, therefore, that bacterial dissimilation of I mole of formic acid would result in the formation of 0.25 mole methane and 0.75 mole CO,; that is, 5-6 1. methane and 16-8 1. CO,/mole formic acid. If formic acid were completely oxidized to CO, and water in the body, 0.5 mole 0, would be consumed and 1.0 mole CO, produced/ mole formic acid.
When small amounts of formic acid were given by intravenous infusion, no significant changes in the respiratory exchange were noted, but a small increase in urinary excretion of a steam-volatile acid occurred. These results indicate that formic acid if absorbed in small amounts is unlikely to cause large changes in metabolism.
The mean values obtained in the long-term experiments in which formic acid was infused into the rumen at constant rates for several days were 4.9 f 0.5 1. CH, and 18.1 L-2.8 1. CO,/mole formic acid given. These mean values do not differ significantly from the values expected from a bacterial dissimilation of formic acid according to the above equations. 0, consumption, however, rose by a mean of 4.6 f 2.8 l./mole formic acid given, whereas bacterial dissimilation of formic acid involves no consumption of 0,. This mean increase was not statistically significant because variation from animal to animal was large. It is evident from the results for individual sheep that, when an increase in 0, consumption was noted, CO, production was greater than that to be expected from the increase in CH, production on the basis that three times as much CO, as CH, is produced when formic acid is broken down by rumen bacteria. This suggests that the individual high values arose from period-to-period variations in metabolism, unconnected with formic acid infusion. These variations, which reached a maximum of 15 1. 0,, represent maximal variations in metabolism of only 3.5 %.
The depression of metabolism noted when sodium formate was introduced into the rumen in single large doses contrasts markedly with the results found in the long-term experiments. It seems probable, but details are not available, that Reid's (1962) results, suggesting that formic acid improves energy utilization by cattle, were based on the rapid infusion of formate. In the long-term studies with continuous infusion of formic acid, the results above show that, in the living animal, formic acid is quantitatively converted into CO, and CH, in agreement with studies with rumen microorganisms. This necessarily means that very little is absorbed.
4.
It is concluded that formic acid when supplied to the animal at slow constant rates is rapidly dissimilated by rumen bacteria to CH, and CO, in amounts which agree with those found in in vitro studies with methanogenic organisms. Rapid infusion, however, depresses the total metabolism, probably by interference with micro-organisms other than those concerned with methanogenesis.
